Context: Isokinetic assessment of shoulder internal-(IR) and external-rotator (ER) strength is commonly used with many different postures (sitting, standing, or supine) and shoulder positions (frontal or scapular plane with 45° or 90° of ab duction). Objective: To conduct a systematic review to determine the influence of position on the intersession reliability of the assessment of IR and ER isokinetic strength, to identify the most reliable position, and to de termine which isokinetic variable appears to be most stable in intersession relia bility. Evidence Acquisi tion: A systematic literature search through MEDLINE and Pascal Biomed data bases was performed in October 2009. Criteria for inclu sion were that studies be written in English or French, describe the isokinetic evaluation methods, and de scribe statistical analysis. Evidence Synthesis: Sixteen studies meeting the inclu sion criteria were included. Variable reliability of ER and IR peak torque (PT) were generally reported for all assessment positions; intraclass correlation coefficients were .44-.98 in the seated position with 45° of shoulder abduction, .09-.77 in the seated position with 90° of shoulder abduction, .86-.99 (coefficient of variation: 7.5-29.8%) in the supine position with 90° of shoulder abduction, .82-.84 in the supine position with 45° of shoulder abduction, and .75-.94 in standing. The ER:IR ratio reliability was low for all posi tions. Conclusions: The seated position with 45° of shoulder abduction in the scapular plane seemed the most reliable for IR and ER strength assessment. The standing position or a shoulder posture with 90° of shoulder abduction or in the frontal plane must be used with caution given the low reliability for peak torque. Good reliability of ER and IR PT was generally reported, but ER:IR ratio reliabil ity was low.
Imbalance in muscle strength between the internal-(IR) and external-rotator (ER) muscles of the shoulder has often been evoked as one of the factors responsible for musculoskeletal dysfunction of the shoulder. [1] [2] [3] [4] [5] [6] Indeed, many authors 1, 7, 8 have suggested that modifications in the ER:IR ratio (ranging from .60 to .80 for healthy subjects 1, 3, 6, 7, [9] [10] [11] ) could lead to shoulder musculoskeletal dysfunction. Today, isokinetic strength evaluation of the shoulder is often used by clinicians to objectively assess muscle performance. 2, 3 It can help determine a functional-strength profile in orthopedic patients and athletes suffering from shoulder disorders (rotator cuff overuse, anterior instability, recovery after surgery, peripheral neurological pathology) or assess functional dynamic stability and muscle performance of shoulder musculature in overhead athletes. 2, 3, 10 Thus, isokinetic evaluation of IR-and ER-muscle strength is currently used to guide diagnosis, therapy, and rehabilitation. 2, 3, 5, 6 Concentric and eccentric contraction modes are evaluated, 12, 13 in association with the ER:IR ratio, which describes the strength characteristics of the muscles at the shoulder joint. 3, 5, 6 Like any assessment methodology, the isokinetic measurement process must be valid and reliable to be meaningful and interpretable. 6, [14] [15] [16] [17] The more reliable the measurement the higher the probability of adequate sensitivity to track small but clinically important changes. 18 Many studies indicate that the technical accuracy and reliability of isokinetic instrumentation are very high in measuring torque, work, and power in many joints such as the knee. 5, 6, 19 However, given the kinematics of the shoulder joint and its relatively extensive mobility, questions have been raised about the reliability of isokinetic shoulder assessment. 15, 20 Although it is influenced by many factors (mechanical aspects, subjects, joints, and testing protocols), 19, 21 the assessment position, including the position of the shoulder (shoulder posture [21] [22] [23] and joint-axis alignment 16 ) and the position of the body (sitting, supine, or standing and stabilization), appears to be a determining factor. [21] [22] [23] [24] The reliability of ER-and IR-muscle strength measurements is a controversial issue because of differences in the methodological aspects and design of studies. 6, 20, 21, 25, 26 One of these methodological points is the position used during tests, including the subject's posture (sitting, standing, or supine) and the shoulder posture (in the frontal or scapular plane with 0°, 45°, or 90° of shoulder abduction), which together determine the alignment of the joint axis. 5, 6, 24 The influence of the position on measurement reliability is not known. 27 A second methodological point is the mode of contraction (concentric or eccentric) used during tests and the parameter used to assess IR and ER strength (peak torque [PT] or ER:IR ratio).
Objective
The purpose of this systematic review was to answer the following clinical questions: Does position affect the intersession reliability of isokinetic assessment of shoulder IR and ER strength? Which position is considered the most reliable? Which isokinetic variable, muscle-contraction mode (concentric or eccentric), and parameter (PT or ratio) appear to be most stable in intersession reliability?
Evidence Acquisition
Reliability, defined as "the consistency of a measurement when all conditions are thought to be held constant," 28 is a prerequisite for interpreting results obtained during the assessment of muscle performance. In clinical practice, the reliability is interesting in interpreting a single measurement or a change in a measurement of 1 patient. 17 To determine whether differences between 2 strength measurements come from modifications in strength rather than errors in measurements, reliability must be good or excellent. 6, 14, 16, 17 
Study Search and Selection
A systematic search of the literature for studies dealing with the intersession reliability of isokinetic assessment of shoulder IR and ER strength was performed through the MEDLINE (from 1966 to October 2009) and Pascal Biomed (from 1987 to October 2009) databases. We used the keywords test-retest, reliability, reproducibility, variability, isokinetic, shoulder, internal and external rotators, rotator muscles, strength, torque, position, and posture to identify all articles on the subject. These keywords were used separately and in combination. Only studies published in English or French, with an abstract, and dealing with human subjects were considered. Two independent readers assessed whether each article met the inclusion criteria from the title, keywords, and abstract. Studies were included when the method employed was properly described, especially population, number of subjects, dynamometer model, position of shoulder evaluation, test-retest procedure and interval between the 2 tests, and a statistical analysis suitable for reliability tests. 6, 14, 17, 29 All types of statistical analysis were sought because of the paucity of studies dealing with the reliability of isokinetic assessment of rotational strength. Studies that focused on shoulder abduction/adduction and shoulder flexion/extension were excluded. A second selection with the same inclusion criteria was performed from analysis of the references in the already-selected articles.
Assessment of Methodological Quality
The methodological quality of each study was assessed independently by 2 investigators using the Quality Appraisal of Diagnostic Reliability (QAREL) Checklist. 30 QAREL was developed as a specific quality-appraisal tool for studies of diagnostic reliability. 30 Using the standard of van Trijffel et al, 31 studies were considered to be of high quality if they received scores of "yes" on at least 50% of the items. Two researchers rated all studies independently. In the event of a conflict, a third party was consulted to determine the score. All the studies were sought because of the paucity of studies dealing with the reliability of isokinetic assessment of rotational strength. To help assess methodological quality, for each selected study the method description was recorded: the number of subjects, the model of isokinetic dynamometer, the position used for shoulder evaluation, the tests used for statistical analyses, and reliability results.
Position Used for Shoulder Evaluation
The testing position included the subjects' posture (sitting, standing, or supine) and the shoulder posture (in the frontal or scapular plane with 0°, 45°, or 90° of shoulder abduction), which together determine the alignment of the joint axis. 5, 6, 24 In the seated position, 2,15,32 the subject was seated on the dynamometer with a 90° angle between the trunk and thighs. Depending on the methodological procedure, the trunk and legs were either strapped or not strapped. The position and inclination of the dynamometer determined the plane of the scapula and the shoulder-abduction angle.
In the supine position, 20,26 the subject was supine on a table next to the dynamometer, and depending on the methodological procedure, the trunk and legs were either strapped or not strapped. The position and inclination of the dynamometer determined the plane of the scapula and the shoulder-abduction angle.
In the standing position, 33,34 the subject was standing next to the dynamometer, without straps. The positioning in the scapular and frontal planes depended on the position of the feet. To always have the same position, foot positions were marked. The dynamometer was tilted to 45° and 90° for assessments at 45° and 0° of shoulder abduction, respectively.
Statistical Analysis of Reliability
Reliability, defined as "the consistency of a measurement when all conditions are thought to be held constant," 28 is a prerequisite for interpreting results obtained during the assessment of muscle performance. Good or excellent test-retest reliability means that measurement results of 2 different sessions are the same when no differences in muscle strength are expected. 14, 27, 32 Better reliability implies better precision of single measurements and better tracking of changes in measurements in research or practical settings. 14, 17 A variety of statistical techniques have been used to determine the reliability of measurements. 6, 14, 35 Reliability indices have been divided into relative and absolute indices. 6 Relative reliability, 6,14 also called retest correlation, 17 is the degree to which individuals maintain their position in a sample with repeated measurements and is normally associated with the use of Pearson correlation coefficients (PCCs) and intraclass correlation coefficients (ICCs). 6, 14 They are proportional indices of reliability in which the error variance is weighed against the between-subjects variance. However, unless the range of raw scores and their variances are outlined, their clinical significance is limited. 6 In others words, they are guides to help interpret the stability of the data and hence to indicate whether a true change has taken place. 6 We considered an ICC over .90 high, .80 to .90 moderate, and below .80 low. 18, 36 Absolute reliability, 6,14 also corresponding to within-subject variation, 17 is relevant for clinical use to determine variations in individual performance. The indices used for absolute reliability are expressed in the units of the actual measurement (eg, the standard error of measurement [SEM], or typical error) or as a proportion of the measured values (eg, the coefficient of variation, CV). 6, 14, 17 They affect the precision of estimates of change in the variable of an experimental study. 17 Thus, to quantify reliability accurately, studies have to provide both relative and absolute indices.
Data Extraction
Results for reliability (relative and absolute) were recorded for each study. To compare all studies, the ICCs or SEMs were calculated for each, as recommended, by the following equations 17 :
when data used in the 2 equations were available.
Levels of Evidence and Strength of Recommendation
The Oxford Centre for Evidence-Based Medicine Levels of Evidence taxonomy, developed by Phillips et al, 37 was used to characterize the quality, quantity, and consistency of the included studies. The level of evidence for the included studies and strength of recommendation for the use of each position for the isokinetic assessment of shoulder IR and ER strength were determined using these algorithms.
Synthesis of Evidence Study Selection
The search strategy retrieved 46 studies, of which 16 were finally retained with our inclusion criteria. These studies dealing with the reliability of isokinetic assessment of shoulder IR and ER strength are reported in Tables 1A and 1B .
Homogeneity
All populations of the included studies were similar at baseline. Healthy subjects were evaluated, with a similar mean age ranging from 20 to 30 years. Only 3 studies 2,32,35 reported results in subjects older than 45 years, and 2 studies 32,38 evaluated reliability in pathological subjects. The designs of the studies were similar. The test-retest procedures were similar: 2 repetitions at intervals of 2 to 7 days. Angular velocities were similar, with high and low speed. However, different models of dynamometer were used. The characteristics of the individual studies are reported in Table 1 .
Methodological Quality of the Studies
Each investigator independently scored the remaining studies using the QAREL Checklist. 30 There was total agreement for QAREL scores of all reviewed studies. The overall quality of the included studies was poor, with only 1 38 of the 16 meeting our criteria for high-quality studies and 6 2,15,21,32,35,39 receiving 5 scores of "yes." The highest QAREL rating was 6/11, with an average of 4.2 ± 1 (range 2-6). Numbers and methodological quality of studies dealing with supine and standing positions were poor: 6 studies 11, 20, 26, 33, 34, 40 for 3 positions, with QAREL scores from 2 to 4. Individual QAREL scores for each included study are reported in Table 2 .
All 16 studies reported the number of subjects, the model of isokinetic dynamometer, the tests used for statistical analysis, and the reliability results. Three studies 20, 21, 27 did not report the plane of the shoulder position. Seven studies 2, 15, 21, 27, 32, 35, 38 reported both relative and absolute indices of reliability, but 7 studies 11, 25, 33, 34, [39] [40] [41] reported only relative indices. Although the methodological quality of the included studies was poor, it seemed to be sufficient to perform a systematic review. 
Data Synthesis
The reliability of isokinetic evaluation of PT in shoulder IR and ER and the ratio according to the shoulder position are reported in Table 3 . Two studies 20, 26 reported only absolute indices (CV); means and standard deviations were not available, so relative indices (ICC) could not be calculated. Total represented total score of "yes." Results from 1 study.
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Levels of Evidence and Strength of Recommendations
The evidence of these lower quality studies is limited to level 3b and 4 evidence. The strength of recommendation for the use of each position for the isokinetic assessment of shoulder IR and ER strength was grade B. We based this recommendation on the poor methodological quality of the included studies.
Discussion
The evidence is unclear as to whether intersession reliability depends on test position; according to the positions and the modes of contraction used, low to excellent reliability was reported (ICCs .09-.99). However, from the studies included, it does appear that position may be a factor affecting the reliability of isokinetic assessment of shoulder IR and ER strength, and some positions seem to be most reliable. Indeed, the seated position with 45° of shoulder abduction in the scapular plane seems to be the best, and its reliability has been the most studied in methodologically high-quality studies. 2, 5, 15, 25, 27 This position has many avantages: 5, 6, 24 It is more physiological, safe, and comfortable; it elicits optimal torque; and it showed good to excellent reliability for ER and IR PT. A shoulder posture with 90° of shoulder abduction and in the frontal plane generated low reliability, 20, 21, 33 and the standing position was not recommended. 3, 5, 6 The supine position with 45° of shoulder abduction in the scapular plane could be a relevant position in clinical practice. However, only 2 studies with poor methodological quality have reported results on its reliability. 11,26
Influence of Position on Reliability
The low reliability of some isokinetic measurements of shoulder strength could be a result of the difficulty in controlling the various degrees of freedom of this joint. 20, 38 In isokinetic dynamometry the joint axis has to be aligned with the axis of the dynamometer. Although the axis of the glenohumeral joint moves about 8 cm in flexion/extension and abduction/adduction movements, 42 there is no displacement of the joint axis in the external/internal rotational movement. 27 Isokinetic measurements of the shoulder joint are done in several different positions (eg, sitting, standing, supine) and with different angles of abduction and flexion of the shoulder. 6, 22, 24 Although isokinetic strength differed according to position, 22 the influence of the position used on the reliability of the measurements and the most reliable position are not known. 27 Only 2 studies compared the influence of position on reliability. 26, 33 Forthomme et al 26 reported lower reliability of ER PT in the seated position than in the supine position. Greenfield et al 33 reported higher reliability for isokinetic evaluation of shoulder strength in the scapular plane than in the frontal plane. The angle of shoulder abduction could also have an influence on reliability. Indeed, low reliability was reported in studies using 90° of shoulder abduction. 20, 21 Mayer et al 20 and Kimura et al 21 also reported low reliability in this position: variability ranging from 16.5% to 29.8% and ICCs from .09 to .89. Mayer et al 20 suggested that more physiological baseline positions, for example, 45° abduction in a seated posture, might permit more stable measurements of shoulder rotation. Indeed, several authors 2, 5, 15, 25, 27 reported good reliability with shoulder assessment in the seated position with 45° of shoulder abduction. This position may be of particular clinical importance for older individuals, who may have difficulty achieving 90° shoulder flexion or abduction, and for patients who have pain or apprehension in certain shoulder positions or arcs of movement. 15, 27, 32, 43 According to several authors, isokinetic shoulder evaluation in the scapular plane with an orientation of the shoulder joint at 30° to 45° anterior to the frontal plane 35 is a more natural and functional movement than movements in the sagittal or frontal plane. 2, 11, 33, 38, 40 Greenfield et al 33 advocated its superior reliability compared with the frontal plane (ICC: .92 vs. .92 for IR PT and .94 vs. .81 for ER PT). The biomechanically advantageous scapular-plane position allows higher-performance functional movements and may provide the patient with maximal safety and comfort of testing. 35, 38 Glenohumeral movements performed in the scapular plane afford more stability because of the greater congruity of joint surfaces. 40 In addition, the joint is in a more neutral position, thus relaxing the capsular structures, providing the optimal length-tension relationship for the arm elevators and placing the muscles in a more advantageous position. 42 Thus, these results suggest that the scapular plane may be a more desirable position for assessing and rehabilitating shoulder-rotator muscles. 33 Concerning subject position, despite the large number of studies on athletes or pathological subjects using the supine position, 22, 23, 44 few studies 20, 26 have reported results on reliability. Forthomme et al 26 reported higher reliability in the supine position with 90° or 45° of shoulder abduction (CV: 7.1-12.1%) than in the seated position (CV: 9.5-19.1%). They suggested that stabilization of the trunk and especially the scapula was greater in the supine position. This could limit compensations and improve the reliability of the assessment. 26 However, low reliability in the seated position was reported only for ER PT (CV of ER PT: 16.6-19.1%; CV of IR PT: 9.5-9.8%). Only absolute indices of reliability (CV) were reported, which made it difficult to compare the reliability of the 2 positions. PT values were calculated without correction for gravity, which seems to be important in the isokinetic evaluation of shoulder strength. 16, 45 Finally, the methodological quality of the study appears poor according to the QAREL checklist. There were only 2 studies using the standing position. 33, 34 Despite the good reliability reported, this position was abandoned because of the many compensations. 3, 5, 6 
Reliability of Isokinetic Parameters
The reported reliability of concentric PT was higher than that of eccentric PT. The technical difficulty of the eccentric-contraction mode and patient anxiety could explain these results. 3, 5, 6 The concentric ER:IR ratio is often used to define muscle imbalance in the shoulder. 2, 3 Kramer and Ng 35 suggested that if muscle-balance ratios such as the concentric ER:IR ratio are to be used as a basis for clinical decisions, knowledge of the reliability of the relevant ratios would enable clinicians to better assess the degree of confidence to place in these scores. Only 4 studies 2, 25, 26, 35 that estimated the reliability of concentric ER:IR ratios were found in the available literature. Those studies showed low reliability for the concentric ER:IR ratio (ICC .48-.76 2, 35 , PCC .24-.84 25 , SEM 13-27% 2,35 , CV% 7.5-12.9% 26 ). Only Dauty et al 2 reported results about the reliability of ER (eccentric)/IR (concentric), with ICCs between .55 and .83. They suggested that shoulder-strength assessments were more reliable when based on measurements of PT (Nm) than when based on concentric ER:IR ratios (%). 2, 25, 35 This may be partially attributable to the fact that the ratio is composed of 2 measurements, each of which may vary in 2 directions with repeated testing or not change at all. 35 The low reliability could be attributable to accumulated errors in the measurement process, especially when used without correction for gravity. 2, 16, 45 Because ratio data were characterized by lower reliability coefficients and greater variation with repeated testing, Kramer and Ng 35 and Dauty et al 2 suggested that caution is necessary when using ratio data as the basis for individual patient-related decisions.
Clinical Practical Implications of Reliability of Isokinetic Shoulder-Rotator Strength Assessment
Isokinetic evaluation of IR and ER strength can help determine a functional-strength profile in patients suffering from shoulder disorders (rotator cuff overuse, anterior instability, recovery after surgery or a peripheral neurological pathology) 2,3,10 to guide diagnosis, therapy, and rehabilitation, 2, 3, 5, 6 Modifications in this strength balance and in the ER:IR ratio could lead to shoulder musculoskeletal dysfunction. For healthy nonathletes, any modification in this ER:IR ratio (.60-.80 1, 3, 6, 7, [9] [10] [11] ) is considered an indication of impingement or instability pathology. 1, 7, 8 However, intragroup variability seems to be higher than intergroup variability. Indeed, in 1 group of subjects with identical sports or pathological solicitations on the shoulder muscle, interindividual variability of the ER:IR ratio is more important than the variation of the ER:IR ratio between different groups. 10 The low reliability of the ER:IR ratio could explain this result. The knowledge of isokinetic-assessment reliability helps in the potential diagnosis to determine which value appears to be a pathological value. Thus, in clinical practice, to interpret a single measurement or to detect a real change between 2 measurements in 1 patient of IR and ER PT and ER:IR ratio, the standard error of measurement (SEM) is more interesting and meaningful. For a single measurement, the SEM "is the typical amount by which any single observed value is different from the true value." 17 For a change between 2 measurements, the change in the parameter value should be compared with the SEM according to the smallest clinically important change (the smallest "signal") to determine whether the observed change is true. 17 
Recommendations for Future Research
This systematic review found that the seated position with 45° of shoulder abduction in the scapular plane provided high reliability for IR-and ER-strength assessment. The supine position with 45° of shoulder abduction in the scapular plane could be relevant, but few results on its reliability are available. Thus, a study comparing the reliability of these 2 positions should be conducted to identify which of them is the most reliable. This study should include approximately 50 participants and at least 3 trials, using absolute and relative indices of reliability, to achieve reasonable precision in the evaluation of reliability. 17 Methodological quality of future research could be improved by including details concerning the blinding of examiners related to measurements and reliability.
Although the reliability of isokinetic instruments is generally good for shoulder testing, 5, 6, 15 our review found that the testing position including subject posture, 22, 23 joint-axis alignment, 16 and stabilization must be considered to ensure reliable results when testing muscle performance. 19, 21 Other factors should be taken into account in future studies-namely, mechanical reliability; calibration of the dynamometer; testing procedures (including subject familiarization, subject set-up, warm-up, angular velocities, 41 gravity correction, 45 training effects 19 ); influence of the subject on reliability, especially concerning subject motivation 19 ; and influence of the body region (in general, motions of easily isolated joints such as the knee tend to provide better reliability coefficients than joints that allow involvement of accessory muscle groups, such as those around the shoulder).
The reliability of the ER:IR ratio is low for all positions of assessment. The reliability of bilateral ratios (dominant:nondominant ratios) used in clinical practice is currently not known. Further studies are also needed to determine the reliability of concentric ER:IR ratios with absolute and relative indices in larger homogeneous populations, including pathological populations, to understand why the reliability of the ER:IR ratio is low and to identify positions or protocols to improve the reliability of ratios.
Conclusions
This review found variable reliability of ER and IR PT according to the subject's position and posture and the contraction mode. The standing position and shoulder posture with 90° of shoulder abduction in the frontal plane have to be used with caution given the low reliability for PT. The supine position could be relevant for the higher stabilization of the scapula. Shoulder position in the scapular plane seems to be more physiological and has good reliability. The seated position with 45° of shoulder abduction in the scapular plane showed good to excellent reliability in assessing IR and ER PT. However, even though this position appears to be safer for patients, caution is necessary when using ER:IR-ratio data as the basis for individual patient-related decisions.
Practical Recommendations
• In clinical practice, knowledge about reliability is essential to detect any significant change in strength resulting from pathologies or rehabilitation programs.
• The seated position with 45° of shoulder abduction in the scapular plane seems to be the most reliable position for IR-and ER-strength assessment.
• The reported reliability of ER and IR PT was generally good. However, the reliability of the ER:IR ratio is low.
